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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an oscillator 
circuit having improved temperature characteristics over 
a wide temperature range, especially, a high temperature 
range. 

SOLUTION: The oscillator circuit has a positive 
feedback oscillation loop composed of an amplifier, an 
SAW resonator having a specified resonance frequency, 
a phase shift circuit for outputting an output signal with 
a specified shifted value of phase from an input signal, a 
tank circuit composed of an inductance element and a 
capacitance element An NTC thermistor having a 
negative temperature characteristic is parallel connected 
to the tank circuit The capacitance element of the tank 
circuit in the oscillator circuit uses a capacitance 
element having a capacitance-temperature 
characteristic for compensating the secondary 
frequency-temperature characteristic of the SAW 
resonator. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] Amplifier, a SAW resonator which has predetermined resonance frequency, a phase -shifting 
circuit outputted as an output signal which carried out [ ******** ] a phase of an input signal, a tank 
circuit which consists of an inductance element and a capacitative element, and an oscillator circuit 
characterized by connecting an NTC thermistor which constitutes a positive feedback oscillation loop as 
be alike, and has a negative temperature property in said tank circuit and juxtaposition. 
[Claim 2] Said amplifier is an oscillator circuit according to claim 1 where it has an inversed input 
terminal and a non-inversed input terminal, bias voltage is inputted into either among said inversed 
input terminal and said non-inversed input terminal, and another side is characterized by being the 
differential amplifier which functions as an input edge of said positive feedback oscillation loop. 
[Claim 3] Said tank circuit is an oscillator circuit according to claim 2 characterized by connecting 
between said reversal of said differential amplifier, and a non-inversed input terminal. 
[Claim 4] Any one or more capacitative elements of the capacitative element which constitutes said tank 
circuit in an oscillator circuit which has amplifier, vibrator which has the secondary frequency 
temperature characteristic, a feedback amplifier which oscillates said vibrator, and a tank circuit which 
gave frequency selective [ near the desired frequency ] are oscillator circuits characterized by having the 
capacity temperature characteristic which amends the secondary frequency temperature characteristic of 
said vibrator. 

[Claim 5] Any one or more capacitative elements of the capacitative element which constitutes said tank 
circuit are oscillator circuits according to claim 4 characterized by having the capacity temperature 
characteristic which serves as maximum capacity near [ where maximum oscillation frequency of said 
vibrator is obtained ] the temperature. 

[Claim 6] Said oscillator circuit is an oscillator circuit according to claim 4 or 5 further characterized by 
having a phase -shifting circuit which is made to carry out specified quantity change and outputs a phase 
of a reference signal which flows to a positive feedback oscillation loop in order to satisfy phase conditions 
of the oscillator circuit concerned. 

[Claim 7] Said phase-shifting circuit is an oscillator circuit given in either claim 1 characterized by the 
ability to adjust the amount of phase shifts with an external signal thru/or 3 or claim 6. 
[Claim 8] Said amplifier is an oscillator circuit according to claim 1 to 7 characterized by being the 
differential amplifier which used an ECL line receiver. 



[Claim 9] Electronic equipment characterized by having an oscillator circuit according to claim 1 to 8. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the oscillator circuit and 
electronic equipment which amended the temperature characteristic of the oscillation frequency of a SAW 
resonator especially about the electronic equipment which used an oscillator circuit and this. 
[0002] 

[Description of the Prior Art] In communication equipment, such as a cellular phone, transmission and 
reception of commo data are performed based on the output signal of an oscillator. For this reason, the 
oscillator is expected to stabilize and oscillate in ** high frequency band (for frequency stability to be 
high), and to stabilize and oscillate in the operating temperature range of ** communication equipment 
(for temperature compensation to be carried out) from the request of improvement in the speed of 
transmission speed. 

[0003] As a device for the RF oscillation of an oscillator, the SAW (Surface Acoustic Wave) resonator 
attracts attention. A SAW resonator is a resonator using the property which energy concentrates and is 
spread near the surface of an elastic body. A blind-like electrode is arranged on a piezo-electric substrate, 
and, specifically, a SAW resonator functions as a resonator by reflecting the surface wave excited with 
each electrode, and generating a standing wave. 
[0004] 

[Problem(s) to be Solved by the Invention] There are various problems in the oscillator which oscillates a 
RF using this SAW resonator.. Drawing 17 is the circuit diagram of the conventional voltage -controlled 
SAW oscillator circuit (Voltage Controlled SAW Oscillator:VCSO), and drawing 18 is the block diagram 
showing the configuration which applied the output buffer to this VCSO. By carrying out adjustable 
control of the control voltage Vc impressed to the varicap diode Cv, this VCSO carries out adjustable [ of 
the reactance ], changes the phase conditions of an oscillation loop, and, thereby, is the circuit which 
enabled it to obtain the desired oscillation frequency F. 

[0005] However, VCSO had especially the problem that the property of not only the oscillation frequency 
of VCSO but the control voltage Vc-oscillation frequency F will change a lot with temperature, in low 
reverse voltage (capacity value size) from the effect of the temperature characteristic of passive section 
reactance values, such as being [ of ** varicap diode capacity ] the temperature characteristic, that 
fluctuation is large, the temperature-phase characteristic of** active element, and ** coil, a capacitor. 
[0006] When it explained in detail, as the temperature characteristic of the oscillation frequency F of 



VCSO was shown in drawing 19 , when it became an elevated temperature (for example, 85 degrees C), 
the change ****** case had the oscillation frequency F greatly. Furthermore, in the case of low 
temperature [ an elevated temperature and ], as the property of the control voltage Vc oscillation 
frequency F of VCSO was shown in drawing 20 , change of the property of the control voltage 
Vc -oscillation frequency F was remarkable especially. Since control of the control voltage Vc in a 
pyrosphere differed from the case of control in other temperature regions greatly, this was producing the 
problem that control became complicated. 

[0007] Moreover, bordering on near series-resonatingfrequency Fr of a SAW resonator, as VCSO was 
shown in drawing 21 , when the high field Vc, i.e., control voltage, was large, the sensitivity of frequency 
change had the small oscillation frequency F, and the oscillation frequency F had become the property 
that the sensitivity of frequency change is large when the low field Vc, i.e., control voltage, is small. 
Especially, this property is remarkable when the frequency adjustable sensitivity to reactance variation is 
expanded using an expanding coil. For this reason, in the case of being high, and the case of being low, the 
adjustable amounts of control voltage Vc differed greatly, and the oscillation frequency F was producing 
the problem that control became complicated also for this. 

[0008] Moreover, in this way, the conventional VCSO had the problem that it could not design to a 
suitable loop band in the total-temperature region, when forming a part of PLL circuit in which this 
VCSO synchronizes the frequency of an optical network communication device, using as a source of a 
reference clock and designing the above-mentioned PLL circuit, in order to change a lot in a temperature 
requirement with the property of the control voltage Vcoscillation frequency F. 

[0009] Furthermore, conventionally, as shown in drawing 22 , the oscillator circuit using a SAW resonator 
is equipped with the temperature-compensation circuit 107 which consists of sensible-heat resistors 105 
and 106, such as resistance 101-104 and a thermistor, the control voltage which the 
temperature-compensation circuit 107 impresses to the varicap diode 109 according to ambient 
temperature is changed to it, and there is the temperature compensation SAW oscillator circuit 
(Temperature Compensated SAW Oscillator :TCSO) 100 which maintains oscillation frequency almost 
uniformly among them. However, since this TCSO100 had a temperature -compensation circuit, its circuit 
scale was large and it had a problem with a difficult miniaturization. In addition, the configurations of 
those other than temperature -compensation circuit 107 of TCSO100 shown in drawing 22 are the SAW 
resonator 110, capacitors 108, 111, 112, and 118, resistance 113, 114, and 116, a transistor 115, and zener 
diode 117. 

[0010] There is the method of amending the frequency temperature characteristic of a SAW resonator by 
using the capacitative element (capacitor) which, on the other hand, has the predetermined capacity 
temperature characteristic other than the method of carrying out temperature compensation using the 
temperature-compensation circuit 107 as load-carrying capacity of a SAW resonator. How to amend the 
frequency temperature characteristic of a SAW resonator hereafter using the capacitative element which 
has the capacity temperature characteristic is explained. 

[0011] Drawing 23 is drawing showing the temperature characteristic of the oscillation frequency of a 
SAW resonator. If the temperature characteristic of the oscillation frequency of a SAW resonator can be 
mostly expressed with a negative quadratic curve, oscillation frequency becomes the highest at a certain 
temperature TO (henceforth "the frequency top most- vertices temperature TO") and temperature changes 
from it as shown in this drawing, it has the property that oscillation frequency becomes low. On the other 



hand, the relation of an inverse proportion between the oscillation frequency of a SAW resonator and 
load-carrying capacity is, and if load-carrying capacity decreases, oscillation frequency will rise. 
[0012] In the case of this SAW resonator, as shown in drawing 24 , the capacitative element which has the 
capacity temperature characteristic used as maximum capacity is used for the capacitative element which 
has the capacity temperature characteristic at the time of the frequency top most-vertices temperature 
TO. Although the temperature characteristic of the oscillation frequency of a SAW resonator is a narrow 
temperature requirement centering on the frequency top most- vertices temperature TO as this shows to 
drawing 25 , it is possible to amend oscillation frequency to constant frequency mostly in this 
temperature requirement. 

[0013] However, since this method maintained frequency uniformly only in the narrow temperature 
requirement centering on the frequency top -most- vertices temperature TO, it had the problem that 
frequency will change a lot, at the temperature of the elevated temperature which is separated from the 
frequency top-most-vertices temperature TO, and low temperature. 

[0014] This invention is made in order to solve the problem by which it is placed between the conventional 
technology mentioned above, and it aims at offering a large temperature requirement especially the 
oscillator circuit which has improved the temperature characteristic in a pyrosphere, and the electronic 
equipment using this oscillator circuit. 
[0015] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this invention 
constitutes a positive feedback oscillation loop as resemble amplifier, a SAW resonator which has 
predetermined resonance frequency, a phase -shifting circuit outputted as an output signal with which a 
phase of an input signal was ******** carried out, and a tank circuit which consists of an inductance 
element and a capacitative element, and it offers an oscillator circuit characterized by connecting an NTC 
thermistor which has a negative temperature property in said tank circuit and juxtaposition. 
[0016] Since according to the above-mentioned configuration it acted so that an NTC thermistor may 
enlarge the amount of phase corrections in a pyrosphere of a tank circuit, even if the temperature 
characteristic of frequency of VCSO of a feedback mold has been improved and surrounding environment 
became an elevated temperature, it has an effect that an oscillator circuit by which frequency was 
stabilized is obtained. 

[0017] In the above-mentioned configuration, amplifier may have an inversed input terminal and a 
non-inversed input terminal, bias voltage may be inputted into either among said inversed input terminal 
and said non-inversed input terminal, and another side may be the differential amplifier which functions 
as an input edge of said positive feedback oscillation loop. 

[0018] Moreover, in the above-mentioned configuration, a tank circuit is characterized by connecting 
between reversal of differential amplifier, and a non-inversed input terminal. 

[0019] Moreover, any one or more capacitative elements of the capacitative element from which this 
invention constitutes a tank circuit in an oscillator circuit which has amplifier, vibrator which has the 
secondary frequency temperature characteristic, a feedback amplifier which oscillates said vibrator, and a 
tank circuit which gave frequency selective [ near the desired frequency ] offer an oscillator circuit 
characterized by having the capacity temperature characteristic which amends the secondary frequency 
temperature characteristic of vibrator. 

[0020] frequency variation of vibrator which capacity change of a capacitative element which constitutes 



a tank circuit gives according to the above-mentioned configuration is markedly boiled as compared with 
frequency variation of vibrator which capacity change of other capacitative elements gives, and since it is 
large, it can amend the secondary frequency temperature characteristic of vibrator in a large temperature 
requirement by having the capacity temperature characteristic to which a capacitative element which 
constitutes a tank circuit amends the secondary frequency temperature characteristic of vibrator. 
[0021] In the above-mentioned configuration, any one or more capacitative elements of the capacitative 
element which constitutes, a tank circuit are characterized by having the capacity temperature 
characteristic which serves as maximum capacity near [ where maximum oscillation frequency of said 
vibrator is obtained ] the temperature. In a temperature region of an elevated temperature or low 
temperature, a case where temperature compensation becomes overcompensation or the lack of 
compensation can be avoided by this, and the greatest temperature-compensation effect can be acquired. 
[0022] Moreover, in order that an oscillator circuit may satisfy phase conditions of the oscillator circuit 
concerned, you may make it have further a phase -shifting circuit which is made to carry out specified 
quantity change and outputs a phase of a reference signal which flows to a positive feedback oscillation 
loop in the above-mentioned configuration. Thereby, phase conditions of an oscillator circuit can be 
satisfied simply. 

[0023] Moreover, in the above-mentioned configuration, a phase -shifting circuit is good also as a 
configuration which can adjust the amount of phase shifts with an external signal. In this, an external 
signal (for example, control voltage Vc) enables it to tune oscillation frequency of the above-mentioned 
oscillator circuit finely to arbitration. 

[0024] Moreover, as for amplifier, in the above-mentioned configuration, it is desirable from a point of 
high- speed operation and power consumption reduction that it is the differential amplifier which used an 
ECL line receiver. 

[0025] Moreover, by using these oscillator circuits, it is not influenced by ambient temperature but usable 
electronic equipment, for example, an optical interface module which can perform data transfer which 
was stabilized and minded an optical network, can be especially offered in a pyrosphere. 
[0026] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained, referring to 
a drawing suitably. 

[0027] (l) Oscillator -circuit 1A concerning the 1st operation gestalt of 1st operation gestalt this invention 
is constituted by connecting a tank circuit to the conventional VCSO. Drawing 1 is the block diagram 
showing an example of the concrete configuration ■ of this oscillator-circuit 1A. Oscillator-circuit 1A 
consists of amplifier 11 and 12, phase -shifting circuit 13A which adjusts the amount of phase shifts within 
the oscillation loop mentioned later, a SAW resonator 14, and a tank circuit 15. And the positive feedback 
oscillation loop is formed of amplifier 11, phase -shifting circuit 13A, the SAW resonator 14, and the tank 
circuit 15. 

[0028] A tank circuit 15 gives gain alternatively to desired frequency by taking a resonance circuit 
configuration. Namely, a tank circuit 15 chooses from the criteria oscillation signal by the SAW resonator 
14 the signal SQ which has frequency fO, and supplies it to amplifier 11. 

[0029] Phase shifting circuit 13A performs phase adjustment for satisfying the phase conditions of 
oscillator-circuit 1A, and adjusts the amount of phase shifts of the phase of an output signal SQ according 
to the inputted control voltage Vc. 



[0030] Amplifier 11 and 12 amplifies and outputs the inputted output signal SQ to predetermined level. 
Here, in order that amplifier 11 may maintain an oscillation, gain is set up so that the gain of a positive 
feedback oscillation loop may become one or more. Moreover, amplifier 12 is formed in order to reduce the 
effect of [ between a positive feedback oscillation loop and an output ], and it can also be omitted. 
[0031] Here, the tank circuit 15 of this operation gestalt takes the configuration which carried out 
parallel connection of the NTC (Negative Temperature Coefficient) thermistor RT to the capacitative 
element Cd and the inductance element Ld, an end is connected to a positive feedback oscillation loop, 
and the other end is grounded. Hereafter, this tank circuit 15 is explained. 

[0032] NTC thermistor RT has the negative temperature property that resistance becomes low, so that 
temperature is high, as the temperature characteristic of the resistance R is shown in drawing 2 . In 
addition, in this drawing, an axis of ordinate (resistance R) is a LOG scale. 

[0033] Drawing 3 is drawing showing each frequency- transfer phase characteristic at the time of 
changing the resistance R of NTC thermistor RT of this tank circuit 15. As an arrow head shows to this 
drawing, a frequency-transfer phase characteristic changes to a property which was rotated in the 
counterclockwise direction focusing on the resonance frequency FA of this tank circuit 15, so that 
resistance R is small. A frequency-transfer phase characteristic approaches a flat property and change of 
the amount of phase transfer to frequency change becomes small, so that in other words resistance R is 
small. 

[0034] Moreover, drawing 4 is drawing showing the temperature-transfer phase characteristic in the 
frequency Fl (refer to drawing 3 ) of arbitration higher than the resonance frequency FA of this tank 
circuit 15. As shown in drawing 4 , when a tank circuit 15 has a low temperature, when temperature is 
high, the variation of the transfer phase by the temperature change becomes large to a thing with the 
small variation of the transfer phase by the temperature change. That is, specifically, this tank circuit 15 
will have the field where frequency is high, and the property that the variation of a transfer phase when 
temperature is high is large, in the field where frequency is higher than resonance frequency FA as 
compared with the case where temperature is low. 

[0035] As shown in drawing 21 , for this reason, in the conventional VCSO When the high field Vc, i.e., 
control voltage, is large, the sensitivity of frequency change has the small oscillation frequency F. 
Oscillator-circuit 1A which requires the oscillation frequency F for this operation gestalt to the sensitivity 
of frequency change having been large when the low field Vc, i.e., control voltage, was small Since 
variation of the transfer phase in the field where frequency is high can be enlarged by the tank circuit 15, 
the oscillation frequency F can enlarge sensitivity of frequency change, even when high. 
[0036] Therefore, as the property of the control voltage Vc oscillation frequency F of oscillator-circuit 1A is 
shown in drawing 5 , oscillator-circuit 1A can make sensitivity of the frequency change to control voltage 
Vc almost the same as the case of other temperature regions, even if temperature is high. Moreover, since 
change of the amount of phase transfer to frequency change can be made small so that the resistance R of 
NTC thermistor RT is made small when temperature and control voltage Vc are fixed as mentioned above 
(refer to drawing 3 ). as the temperature characteristic of the oscillation frequency F of oscillator-circuit 
1A is shown in drawing 6 , the temperature change of the oscillation frequency F can be reduced in a large 
temperature requirement. As compared with the conventional temperature characteristic especially 
shown in drawing 19 , it becomes possible to reduce the temperature change in a pyrosphere sharply. 
[0037] According to oscillator-circuit 1A concerning this operation gestalt, by having used the tank circuit 



15 which carried out parallel connection of NTC thermistor RT, the property of the control voltage 
Vc-oscillation frequency F in a large temperature requirement, especially a pyrosphere can be improved, 
and the temperature change of the oscillation frequency F can be reduced so that clearly from the above 
description. 

[0038] In addition, the phase adjustment of the positive feedback oscillation loop of this oscillator-circuit 
1A can perform the electrode of the capacitor of the capacitative element Cd of a tank circuit 15 by 
adjusting capacity value by laser trimming etc. 

[0039] Moreover, this invention is applicable not only to oscillator-circuit 1A of the above-mentioned 
configuration but various oscillator circuits. For example, drawing 7 is a block diagram at the time of 
applying this invention to oscillator-circuit IB which could be made to carry out armature-voltage control 
of the amount of phase shifts by applying a voltage -controlled phase -shifting circuit to phase -shifting 
circuit 13 A. 

[0040] Moreover, in above-mentioned oscillator-circuit 1A, the location of each circuit in a positive 
feedback oscillation loop and an element can be changed to arbitration. For example, as shown in drawing 
8 , the SAW resonator 14 and a tank circuit 15 may be replaced in a positive feedback oscillation loop. 
[0041] (2) The point that oscillator-circuit 2A concerning the 2nd operation gestalt of the 2nd operation 
gestalt differs from oscillator-circuit 1A concerning the 1st operation gestalt greatly is a point which is 
using the differential amplifier (henceforth the ECL differential amplifier) which used the ECL (emitter 
coupled logic) line receiver. About the same configuration as oscillator-circuit 1A concerning the 1st 
operation gestalt, the same sign is attached and shown hereafter, and detailed explanation is omitted. 
[0042] Drawing 9 is the block diagram showing the configuration of oscillator-circuit 2A concerning the 
2nd operation gestalt. Oscillator-circuit 2A consists of the ECL differential amplifier 21-23, a switching 
circuit 24, phase shifting circuit 13B that adjusts the amount of phase shifts, a SAW resonator 14, and a 
tank circuit 15. Moreover, bias voltage VBB is supplied to the inversed input terminal D12 of the ECL 
differential amplifier 21 from the exterior. And the positive feedback oscillation loop is formed of the ECL 
differential amplifier 21 and 23, a switching circuit 24, phase shifting circuit 13B, the SAW resonator 14, 
and the tank circuit 15. 

[0043] In addition, although bias voltage VBB was supplied to the inversed input terminal D12 of the 
ECL differential amplifier 21 and the positive feedback oscillation loop was considered as the 
configuration linked to a non-inversed input terminal Dll, bias voltage VBB may be supplied to the 
non inversed input terminal Dll of the ECL differential amplifier 21, and a positive feedback oscillation 
loop may be connected with an inversed input terminal D 12. 

[0044] It is the differential amplifier which has the differential output of a noninverting output and a 
reversal output, it is a low power, and the ECL differential amplifier 2123 is used in order high-speed 
operation like a high-frequency oscillator is suitable for a required circuit and to change the acquired 
output signal into the electric level used with the ECL differential amplifier 21-23. 

[0045] Although a tank circuit 15 is the same configuration as the tank circuit 15 of the 1st operation 
gestalt, the points connected between the non inversed input terminal Dll of the ECL differential 
amplifier 21 and an inversed input terminal D12 differ. 

[0046] The reference signal SQ of frequency fO is supplied to a non inversed input terminal Dll and an 
inversed input terminal D12 through a tank circuit 15, and, as for the ECL differential amplifier 21, bias 
voltage VBB is further supplied to an inversed input terminal D12. Thereby, the ECL differential 



amplifier 21 is the signal which amplified the reference signal SQ on predetermined level from the 
reversal output terminal Q12, and outputs the signal with which phases differ 180 degrees while it 
amplifies and outputs a reference signal SQ to predetermined level from the noninverting output 
terminal Qll by carrying out the differential amplifier of the signal inputted into each input terminals 
Dll andDl2. 

[0047] The signal outputted from each output terminals Qll and Q12 of the ECL differential amplifier 21 
the ECL differential amplifier 23 by supplying the non-inversed input terminal D31 and inversed input 
terminal D32 of the ECL differential amplifier 23, respectively While outputting the signal SQl which 
amplified the reference signal SQ on predetermined level from the noninverting output terminal Q31, it is 
the signal which amplified the reference signal SQ on predetermined level from the reversal output 
terminal Q32, and the signal SQ2 with which phases differ 180 degrees is outputted. Similarly the signal 
outputted from each output terminals Qll and Q12 of the ECL differential amplifier 21 the ECL 
differential amplifier 22 by supplying the non-inversed input terminal D21 and inversed input terminal 
D22 of the ECL differential amplifier 23, respectively While outputting amplification comb ********** 
OUT+ for a reference signal SQ to predetermined level from the noninverting output terminal Q21, it is 
the signal which amplified the reference signal SQ on predetermined level from the reversal output 
terminal Q22, and output signal OUT- from which a phase differs 180 degrees is outputted. In addition, 
the ECL differential amplifier 22 and 23 is formed in order to reduce the effect of [ between a positive 
feedback oscillation loop and an output ], and these [ its ] are possible also for omitting. 
[0048] A switching circuit 24 is a circuit for choosing the signal which there are few amounts of phase 
shifts of phase -shifting circuit 13B among the reference signals SQl and SQ2 with which the phases 
outputted from the ECL differential amplifier 23 differ 180 degrees, and ends. If it explains in more detail, 
a switching circuit 24 will choose the reference signal SQ passed to a positive feedback oscillation loop by 
connecting with either and the selection target of the node PI connected to the noninverting output 
terminal Q31 of the ECL differential amplifier 23, or the node P2 connected to the reversal output 
terminal Q32 of the ECL differential amplifier 23. For this reason, the amount of phase shifts of 
phase shifting circuit 13B is small, ends, and can simplify the circuitry of phase shifting circuit 13B. 
When selection of a node PI and a node P2 is known, a switching circuit 24 can be omitted [ in / with a 
natural thing / a circuit design phase ]. 

[0049] Moreover, although the thing of the suitable amount of phase shifts is chosen according to the 
oscillation frequency F of the SAW resonator 14, and the configuration of passive circuit elements, even if 
phase -shifting circuit 13B changes the SAW resonator 14, since modification of the amount of phase shifts 
ends small, it can use the circuit pattern almost same also about two or more kinds of SAW resonators, 
and the simplification of it on layout is attained. 

[0050] In addition, when the oscillation frequency F and the passive-circuit-elements configuration of the 
SAW resonator 14 are immobilization, phase-shifting circuit 13B may be omitted, and the circuit pattern 
which connects a positive feedback oscillation loop about the signal of arbitration between two signals 
SQl and SQ2 outputted from the differential amplifier 23 may be created. In this case, it replaces with a 
switching circuit 24 and you may make it connect with either a node Pi or the node P2 too hastily by 
wirebonding etc. 

[0051] Therefore, also in oscillator-circuit 2A which used the ECL differential amplifier 21-23, by using 
the tank circuit 15 which carried out parallel connection of NTC thermistor RT, the oscillation frequency 



F can enlarge sensitivity of frequency change, even when high, and it can make sensitivity of the 
frequency change to control voltage Vc almost the same in a large temperature requirement. 
[0052] Moreover, since change of the amount of phase transfer to frequency change can be made small so 
that the resistance R of NTC thermistor RT is made small when temperature and control voltage Vc are 
fixed (refer to drawing 3 ), especially, the temperature change in a pyrosphere can be reduced sharply and 
the temperature change of the oscillation frequency F can be reduced in a large temperature requirement. 
Moreover, by having inserted the tank circuit 15, gain can be alternatively given to the ECL differential 
amplifier 21, and an abnormality oscillation can be prevented. 

[0053] By this, also in oscillator-circuit 2 A which used the ECL differential amplifier 21*23, the property 
of the control voltage Vc-oscillation frequency F in a large temperature requirement, especially a 
pyrosphere can be improved, and the temperature change of the oscillation frequency F can be reduced. 
[0054] Moreover, in above -mentioned oscillator-circuit 2A, the location of each circuit in a positive 
feedback oscillation loop and an element can be changed to arbitration. For example, as shown in drawing 
10 , the SAW resonator 14 and a tank circuit 15 may be replaced in a positive feedback oscillation loop. In 
this case, it is required to insert the impedance Zd of arbitration so that the potential difference may arise 
between the non inversed input terminal Dll of the differential amplifier 21, and an inversed input 
terminal D12. 

[0055] (3) In the 3rd operation gestalt above-mentioned operation gestalt, although the case where the 
temperature characteristic of the oscillation frequency F was improved by using the tank circuit 15 which 
carried out parallel connection of NTC thermistor RT was described, this operation gestalt explains the 
oscillator circuit which has improved the temperature characteristic of the oscillation frequency F by 
other methods. 

[0056] Drawing 11 is the block diagram showing the configuration of oscillator-circuit 3 A concerning the 
3rd operation gestalt. Oscillator-circuit 3A consists of the SAW resonator 31, differential amplifier 32-34, 
a switching circuit 36, a phase -shifting circuit 37, and a tank circuit 38. And the positive feedback 
oscillation loop is formed of differential amplifier 32 and 34, the switching circuit 36, the phase -shifting 
circuit 37, the SAW resonator 31, and the tank circuit 38. 

[0057] A tank circuit 38 gives gain alternatively to desired frequency by taking the resonance circuit 
configuration which consists of a capacitative element 40 and an inductance element 41. Here, a tank 
circuit 38 chooses from the criteria oscillation signal by the SAW resonator 31 the reference signal SQ 
which has frequency fO, and outputs it to the differential amplifier 32. 

[0058] The reference signal SQ with which the differential amplifier 32 flows a positive feedback 
oscillation loop is supplied to a non-in versed input terminal Dll and an inversed input terminal D12 
through a tank circuit 38, and bias voltage VBB is further supplied to an inversed input terminal D12. 
Thereby, the differential amplifier 32 is the signal which amplified the reference signal SQ on 
predetermined level from the reversal output terminal Q12, and outputs the signal with which phases 
differ 180 degrees while it amplifies and outputs a reference signal SQ to predetermined level from the 
noninverting output terminal Qll by carrying out the differential amplifier of the signal inputted into 
each input terminal. 

[0059] The differential amplifier 34 is the signal which amplified the reference signal SQ on 
predetermined level from the reversal output terminal Q32, and outputs the signal SQ2 of the signal with 
which phases differ 180 degrees while it outputs the signal SQl which amplified the reference signal SQ 



on predetermined level from the noninverting output terminal Q31 by supplying the signal outputted 
from each output terminals Qll and Ql2 of the differential amplifier 32, respectively to a non-inversed 
input terminal D31 and an inversed input terminal D32. the signal with which similarly the differential 
amplifier 33 was outputted from each output terminals Qll and Q12 of the differential amplifier 32 a 
non inversed input terminal D21 and an inversed input terminal D22 - respectively supply ****** - 
while outputting output signal OUT+ which amplified the reference signal SQ on predetermined level 
from the non inversed input terminal Q21 by things, it is the signal which amplified the reference signal 
SQ on predetermined level from the reversal output terminal Q22, and output signal OUT- from which a 
phase differs 180 degrees is outputted. In addition, differential amplifier 33 and 34 is formed in order to 
reduce the effect of [ between a positive feedback oscillation loop and an output ], and these [ its ] are 
possible also for omitting. 

[0060] A switching circuit 36 is a circuit for choosing the signal which there are few amounts of phase 
shifts of a phase -shifting circuit 37 among the reference signals SQl and SQ2 with which the phases 
outputted from the differential amplifier 34 differ 180 degrees, and ends. If it explains in more detail, a 
switching circuit 36 will choose the reference signal SQ passed to a positive feedback oscillation loop by 
connecting with either and the selection target of the node Pi connected to the noninverting output 
terminal Q31 of the differential amplifier 34, or the node P2 connected to the reversal output terminal 
Q32 of the differential amplifier 34. 

[0061] A phase -shifting circuit 37 performs phase adjustment for satisfying the phase conditions of 
oscillator-circuit 3 A, and adjusts the amount of phase shifts of the phase of the output signal SQ inputted 
according to the inputted control voltage Vc. As mentioned above, since oscillator 3A concerning this 
operation gestalt chooses the signal which there are few amounts of phase shifts of a phase-shifting 
circuit 37 among the reference signals SQl and SQ2 with which phases differ, and ends, its amount of 
phase shifts of a phase -shifting circuit 37 is small, it ends, and can simplify the circuitry of a 
phase -shifting circuit 37. 

[0062] Moreover, although the thing of the suitable amount of phase shifts is chosen according to the 
oscillation frequency F of the SAW resonator 31, and the configuration of passive circuit elements, even if 
a phase-shifting circuit 37 changes the SAW resonator 31,' since modification of the amount of phase shifts 
ends small, the circuit pattern almost same also about two or more kinds of SAW resonators can be used 
for it, and the simplification of it on layout is attained. 

[0063] In addition, when the frequency and the passive circuit-elements configuration of the SAW 
resonator 31 are immobilization, a phase -shifting circuit 37 may be omitted, and the circuit pattern which 
connects a positive feedback oscillation loop about the signal of arbitration between two signals SQl and 
SQ2 outputted from the differential amplifier 34 may be created. In this case, it replaces with a switching 
circuit 36 and you may make it connect with either a node Pi or the node P2 too hastily by wirebonding 
etc. 

[0064] Moreover, oscillator-circuit 3A concerning this operation gestalt amends the temperature 
characteristic of the oscillation frequency F of the SAW resonator 31 by using the capacitative element 
which has the predetermined capacity temperature characteristic for the capacitative element 40 of a 
tank circuit 38. Hereafter, the capacitative element 40 of this tank circuit 38 is explained. 
[0065] Drawing 12 is drawing showing the temperature characteristic of the oscillation frequency F of the 
SAW resonator 31 . The SAW resonator 31 has the secondary frequency temperature characteristic which 



can be approximated by the quadratic curve like the tuning fork mold quartz resonator X. Here, when the 
frequency top-most-vertices temperature TO from which the maximum frequency of the SAW resonator 31 
is obtained differs from the top-most-vertices temperature from which the capacity of the capacitative 
element 40 of a tank circuit 38 serves as max greatly, temperature compensation can serve as 
overcompensation or lack of compensation at an elevated-temperature [ of a compensation temperature 
range ], or low temperature side. 

[0066] For this reason, with this operation gestalt, as the capacity temperature characteristic of a 
capacitative element 40 is shown in drawing 13 , in the case of the frequency top -most-vertices 
temperature TO of the SAW resonator 31, as a capacitative element 40, the capacitative element which 
has the secondary capacity temperature characteristic from which capacity serves as max is used, so that 
a compensation effect may become max. In addition, a capacitative element 40 can acquire the desired 
capacity temperature characteristic by moving the Curie point temperature of 120 degrees C which is the 
temperature which shows the maximum capacity value of BaTi03 to the frequency top most- vertices 
temperature TO with other elements, BaSn03, CaSn03, BaSn03, BaZr03, BrTi03, etc., and using the 
phase transformation in Curie point temperature, when BaTi03 is used as a principal component. [ for 
example, ] 

[0067] Drawing 14 is the characteristic curve sheet showing the characteristic curve L2 which shows the 
characteristic curve Ll which shows the capacity calcium of the capacitative element 40 of a tank circuit 
38, and relation with the oscillation frequency F (frequency deviation df/fO), the capacity of the 
capacitative element Cb at the time of using one capacitor as an example of a phase -shifting circuit 37, 
and relation with the oscillation frequency F (frequency deviation df/fO). 

[0068] as compared with the capacity variation dCb of the capacitative element Cb by which direct 
continuation was carried out to the positive feedback oscillation loop, the capacity variation dCa of a 
capacitative element 40 required as shown in this drawing, when only the specified quantity (f2-fl) 
changes the oscillation frequency F is boiled markedly, and it turns out that it may be few. In this drawing, 
it turns out that the capacity variation dCa is good at about 1/4 or less [ of the capacity variation dCb ]. 
[0069] Therefore, in this oscillator-circuit 3A, since the temperature characteristic of the capacity of the 
capacitative element 40 of a tank circuit 38 amended the temperature characteristic of the oscillation 
frequency F of the SAW resonator 31, as compared with the case where the temperature characteristic of 
the capacity value of the capacitative element Cb by which direct continuation was carried out to the 
positive feedback oscillation loop amends, the large amount of amendments of the temperature 
characteristic of the oscillation frequency F can be taken. Consequently, as the temperature characteristic 
before amendment of the oscillation frequency F of an oscillator 30 and the temperature characteristic 
after amendment are shown in drawing 15 , the temperature change of the oscillation frequency F of the 
SAW resonator 31 can be reduced in a large temperature requirement. 

[0070] Thereby, when oscillator-circuit 3A amends the temperature characteristic of the SAW resonator 
31 by the temperature characteristic of the capacitative element Cb by which direct continuation was 
carried out to the conventional positive feedback oscillation loop, also in the low temperature and the hot 
temperature requirement whose amount of amendments was inadequate, it becomes possible to satisfy 
the frequency stability (for example, 10.0x10*6) needed of it. 

[0071] In addition, the value of the inductance element of a tank circuit 38 can adjust the variation of the 
oscillation frequency F to capacity change of this capacitative element 40, i.e., sensitivity settling of the 



oscillation frequency F. 

[0072] If it is made the capacitative element which has the temperature characteristic which described 
above the capacitative element 40 of a tank circuit 38 according to the frequency temperature 
characteristic of the SAW resonator 31 according to oscillator-circuit 3A concerning this operation gestalt 
so that clearly from the above description, the frequency temperature characteristic of the SAW resonator 
31 can be amended simply in a large temperature requirement. Moreover, since an element number does 
not increase, either, a mounting space is small and ends, and the miniaturization of an oscillator 30 is 
also possible. 

[0073] (4) The oscillator circuits 1A, IB, 2A, and 3A concerning each operation gestalt which carried out 
the 4th operation gestalt **** are applicable to various communication equipment. This operation gestalt 
explains the optical interface module 50 as communication equipment which used the oscillator circuits 
1A 3A concerning this invention. 

[0074] Drawing 16 is the block diagram showing the outline configuration of the optical interface module 
50. Between for example, the computer for servers, and an optical network, this optical interface module 
50 performs signal transformation of a lightwave signal and an electrical signal, and performs signal 
transformation of a 10.3125Gbps lightwave signal and a 3.125Gbps electrical signal (four lines) here. 
[0075] The electrical and electric equipment / optical transducer 51 changes into a lightwave signal the 
electrical signal outputted from the P/S (parallel/seriaD transducer 52, and outputs it to an optical 
network side. Light / electric transducer 53 changes into an electrical signal the lightwave signal 
outputted from the optical network side, and outputs it to the S/P (serial/parallel) transducer 54. 
[0076] Either of. the above-mentioned oscillator circuits lA-3Ais applied, and oscillator circuits 60 and 61 
are not based on ambient temperature, but output the clock signal of constant frequency. And each clock 
signal is used for the S/P transducer 56 of 3.215GGbps(es) connected through the bit code translation 
section 55 as a reference signal and the P/S transducer 57, the P/S transducer 52 of 10.3125Gps, and each 
part of the S/P transducer 54. 

[0077] Thus, by using the oscillator circuits 1A-3A concerning each operation gestalt for the optical 
interface module 50, it is not influenced by ambient temperature but it becomes possible to perform data 
transfer through the stable optical network in a pyrosphere especially. 

[0078] (5) The modification invention in this application can be carried out not only in the operation 
gestalt mentioned above but in various modes. For example, the following deformation implementation is 
possible. 

[0079] Although each operation gestalt mentioned above described the case where the source of an 
oscillation applied this invention to the oscillator circuit of a SAW resonator, the source of an oscillation 
can apply also to the oscillator circuit of an AT cut mold quartz resonator. Moreover, a 
temperature-compensation circuit may be connected to the oscillator circuit of this invention, and TCSO 
and TCXO may be constituted. In addition, about the piezoelectric material which constitutes piezo 
resonators, such as vibrator and a SAW resonator, other piezoelectric material, such as others, langasite, 
a tetraboric acid lithium (Lithium Tetra Borate), etc., may be used. [ Xtal ] 

[0080] The 3rd operation gestalt mentioned above described the case where the capacitative element 
which has the secondary capacity temperature characteristic from which capacity becomes max at the 
frequency top-most-vertices temperature TO as a capacitative element 40 of a tank circuit 38 was used. 
Curie point temperature should just be about frequency top most-vertices temperature TO that this 



invention should just use the capacitative element which has not only this but the capacity temperature 
characteristic from which capacity becomes max in short about frequency top most-vertices temperature 
TO. 

[0081] Moreover, what is necessary is just to have the capacity temperature characteristic which has 
responded to the amount of amendments to need and a gap or one or more capacitative elements 
mentioned above, although many amounts of amendments can be taken if it has the capacity temperature 
characteristic which all the capacitative elements mentioned above when it has two or more capacitative 
elements in the tank circuit 38. 
[0082] 

[Effect of the Invention] As mentioned above, by using the tank circuit which carried out parallel 
connection of the NTC thermistor, the oscillator circuit by this invention can improve the property of a 
large temperature requirement, especially the control voltage-oscillation frequency in a pyrosphere, and 
can reduce the temperature change of oscillation frequency. Moreover, the temperature change of 
oscillation frequency can be reduced in a large temperature requirement by amending the temperature 
characteristic of the oscillation frequency of a resonator by the temperature characteristic of the 
capacitative element of a tank circuit. Moreover, since an element number does not increase, either, a 
mounting space is small, ends and can be miniaturized. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the block diagram showing the configuration of the oscillator circuit concerning the 1st 
operation gestalt of this invention. 

fDrawing 2l It is the characteristic curve sheet showing the temperature characteristic of the resistance 
of an NTC thermistor. 

fDrawing 31 It is the characteristic curve sheet showing the frequency-transfer phase characteristic at the 
time of changing the resistance R of the NTC thermistor of a tank circuit. 

fDrawing 4l It is the characteristic curve sheet showing the temperature-transfer phase characteristic in 
the frequency Fl higher than the resonance frequency FA of a tank circuit. 

fDrawing 51 It is the characteristic curve sheet showing the relation of the control voltage Vcoscillation 
frequency F of an oscillator circuit. 

fDrawing 61 It is the characteristic curve sheet showing the temperature characteristic of the oscillation 
frequency F of an oscillator circuit. 

fDrawing 71 It is the block diagram showing the modification of the oscillator circuit concerning the 1st 
operation gestalt. 

fDrawing 8l It is the block diagram showing the modification of the oscillator circuit concerning the 1st 
operation gestalt. 

fDrawing 9l It is the block diagram showing the configuration of the oscillator circuit concerning the 2nd 
operation gestalt. 

fDrawing 101 It is the block diagram showing the modification of the oscillator circuit concerning the 2nd 
operation gestalt. 

fDrawing 111 It is the block diagram showing the configuration of the oscillator circuit concerning the 3rd 
operation gestalt. 

fDrawing 121 It is the characteristic curve sheet showing the temperature characteristic of the oscillation 
frequency F of a SAW resonator. 

fDrawing 13l It is the characteristic curve sheet showing the capacity temperature characteristic of the 
capacitative element of a tank circuit. 

fDrawing 14l It is drawing showing the characteristic curve Ll which shows the capacity of the 
capacitative element of a tank circuit, and relation with the oscillation frequency F, and the characteristic 
curve L2 which shows the capacity of the capacitative element by which direct continuation was carried 
out to the positive feedback oscillation loop, and relation with the oscillation frequency F. 



[Drawing 151 It is the characteristic curve sheet showing the temperature characteristic before 
amendment of the oscillation frequency F, and the temperature characteristic after amendment. 
[Drawing 16l It is the block diagram showing the outline configuration of an optical interface module. 
[Drawing 171 It is the circuit diagram of the conventional VCSO. 

[Drawing 181 It is the block diagram showing the configuration of the conventional VCSO. 

[Drawing 19l It is the characteristic curve sheet showing the temperature characteristic of the oscillation 

frequency F of the conventional VCSO. 

[Drawing 201 It is the characteristic curve sheet showing the relation of the control voltage Vc-oscillation 
frequency F of VCSO. 

[Drawing 211 It is the characteristic curve sheet showing the relation between the oscillation frequency F 
of the conventional VCSO, and the sensitivity of a frequency drift. 

[Drawing 22l It is the circuit diagram showing the configuration of the conventional TCSO. 

[Drawing 23l It is the characteristic curve sheet showing the temperature characteristic of the oscillation 

frequency of a SAW resonator. 

[Drawing 24l It is the characteristic curve sheet showing the capacity temperature characteristic of a 
capacitative element. 

[Drawing 25l It is the characteristic curve sheet showing the temperature characteristic of the oscillation 
frequency of the SAW resonator after amendment. 
[Description of Notations] 

1A, IB, 2A, and 3A ... an oscillator circuit, 11 and 12, and .... amplifier - 13A, 13B .... 14 A phase -shifting 
circuit, 31 15 A SAW resonator, 38 .. Tank circuit, 21, 22, 23 .... The ECL differential amplifier, 32, 33, 
34 .. Differential amplifier, 24 36 .... A switching circuit, Cd, 40 .. A capacitative element Ld, 41 .. 
Inductance element, RT .... An NTC thermistor, VBB .. Criteria bias voltage, 50 .. An optical interface 
module, 51 [ .. A S/P transducer, 55 / .. The bit code translation section, 56 / .. A S/P transducer, 57 / .. 60 A 
P/S transducer, 61 / .. An oscillator circuit, 100 / .. Temperature compensation SAW oscillator circuit 
(TCSO). ] .... The electrical and electric equipment / optical transducer, 52 .. A P/S transducer, 53 .. Light/ 
electric transducer, 54 



[Translation done.] 
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^<0^a-(C(4, NTCt- 5^^RT<OffiJtffl[RSr/h$ 

$<T-#5fcfe (®3#fig) , BI6(z:«fiEIKiA«}% 
S^&»FWSS#tt5r*-r<t l£^ffl««SfflT-5! 
fiHSi»F«)a««^Srffi:«-t-4-i:iS-c#5 0 #(c, 
Ell 9(-*Lfcfi§^«Ofi«#t4ti:b|!5UT, fliM^T'CO 

so [0037] «±©e»*»e>w j: ^ (c, 
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<SUl#x.53gg|E]2g 1 Adctfttf. NTCt-$^^RT 

3&F a»o, «fiMftftF<oaSK<fl: 

[0 0 3 8] dOISSIelKl AtDJEffi'MftWis- 

^OffiffilMEH:. ^^lel&l 5 cosgftijt^c d 

10 0 3 9] 44BnM:±BRA«>«Sn«iAK 
71*. &fe|ellgi 3 A(cttEMflfS8M i BEItt*:3ffl-*-& 
le]& l B Lfc$§^cD:/n y * m-e&^o 

*gl 5 tSrAtv#^-CfcJ;^„ 

[004 1] ( 2 ) %2 SHfcTKflB 
m2Hite^tc«5»SlHlK2Ads, JBUHGBflllcfll 
55M18gl Ai*:#<g&£,6l4, ECL (^5s>* 

ECLl»i«»i^5. ) £r<£fflLT^5,£-C-fc5 0 
CUT, *liaS»ttfc«6»fi@»lAi|B|-0«J5fcfc 

[0042] H9ii. m2mi&Mmicm?>ftm\B\&2 a 
Lmhmm&2 1-2 3 t, -y?-m&2 4 1, &m 

ft$rlS«-t-?>#ta[Hl?Sl 3 Bi:. SAW#S^l4i, 

«£EVBB«s«i|&Sil5. ^LT. E C L MtbttteSs 2 
1 , 2 3, ^'f yf-mf&2 4 . ^ffilalSSl 3 B, SAW 
*S^-1 4:fc4tf*>'*|e]*gl 5fc«t9E»5t»fi^- 

[0 0 4 3] fc*S, /<-CT^«ffiVBBSrECL^ll)ig 
*S§§2 [©SgAM^Dl 2£0tttU jEWSBHRA' 
-^■«r*RfeX*JSHF-D 1 1 KL&Vftzmf&t l-tcAK 
'■W7*«JEVBB*ECLgtWMI»2 1 ®*R(EA 
^Jg^-Dl lt£{ft&U :/*RteAASSI 
1 2 &flGRL-Ci>J:v\ 

[00 4 4] EC LXIbiVMS 2 1 ~ 2 3 14. #K<Etti 

ffcP&K&niBliiau #t54xfcW^{f-§-^EC LWM 
tf*S§§2 1~2 3T?ffl^bix6«^U"</HC^-r5fc 

[0 0 4 5] *>:?le]Kl 5 14. m 1 



(5) 

5 tl5]«0«^Tfe5*S. ECLM»Jii*S§S2 1 
(O^SteA^ffi^D 1 lfcJitfKfeA^ag^-D 1 2 OR 

[0 0 4 6] ECLM«)ti*I$32 l f4, f OtDg 

WSI-SQtfS^^lHl&l 5^^-U-C^SteA^lfflT-D 

1 1 ^SfeA^fDl 2(C«*g$H, SSA* 
JB^F-D 1 2l£(4£btC^T*SJEVBBaMftiS;*jT, 
5o CftKJ:'?. ECL^id«i|SS2 114. #A^^f 
D 1 1 . D 1 2 ICA* S JtfcffiH§-«rSSHlilMB-t-5 r t \c 

io tot, ^stiiAM^Qi lfrbmmm^sQZffife 

2 ji^S*fs-§- S Q U"</Hi*tB UfcfS*-C*>o 
t. ttttas i 8 o&gft${i-!§-£ii};o-f 

[0 0 4 7] ECLg«bifl«f»2 3(4, E C L£AbilH6 
SI2 ljo4t>'Ql 2a»5>ttW>3ft*: 

E C LSIMHHI 2 3 CO^SfeA^ffi^D 3 1 
tSfiAAS^D3 2\aft,*:ii&%;ZtiZ>Z.k\z£ 

^fcJt«Ufc«*SQlSrm^3i-Si:*K:» Stetij^iSS 

tfcot. m$ifii 8 o§r^*5ft-§-sQ2^m^-r 

5. ECL^»)ii<>IS§2 2(4. E C LStU)iS(6 

2§2 1 cD^ffl^ffi^Q 1 l*S4l>'Ql 2*»bffi*$iXfc 
fg^§-3S, E.CLM»)tS*I§§2 3C^E!EA*SfD2 1 
fc-it/^AASS^D 2 2 {c^rixm^^ix^ 
49, #R*Stb^«*Q 2 1 SQfcJJrfcU' 

Sem^ffl^Q 2 2 >i> bSBft # S Q SrFf £ l^A-teJ* 
(|>SLfc{f#T*fooT. &m*l 8 OtliiHJ^tO 
so UT-S:U*-J-S. *J3. ECL*«|Ji««2 2*iJ:Ut 
2 314. 3E»il*«/l'-^ , *S , J:tJ«a*M©i?»«rffi«-r 

[0 0 4 8] ^-T y?mn>2 4J4. ECLg»l§lI8§2 

1. SQ2©?*>, ^ffilslKl 3 B(D^tift^/>/ c C< T 
Srtfm#Sra^1-?)fc«>©|5lK-efe5 0 ±9»K»ifl 
•fSir. ^^f yf-mU2 4(4. ECL MSbiStllS 2 3 CD 
*RfiUl*«^Q 3 1 fcfttt$ixT^Sfti»J«iP 1 . * 
40 fc(4E C LMK>it4>IS§2 3 cOg$gm^«^Q 3 2 fc&ft 
*iXTl^*«ttjRP 2cO^T^tal^W(C^1-Sr 

tii4ox. jEm&&m^-7\m-i-mmm^sQ*m 

tR-TSo Z<Dtclsf>, OTIelS 1 3 Bco^ffiS^/h$< T 
^tSlel^l 3 B(D|plK^^ffl!B(C-f5r i*5-e 

,SP1, S^P2C0il^^gl£^p-efo5^&. ^.^^^ 
[UK 2 4 (4€BS1"S r t tf-*imvi>2>. 
[0 0 4 9] ^ffilslK 1 3 BI4. SAW*I^1 

so ftC0tC0^^$^5^. SAW«fl 45r^SLT 
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fc&tBfi(D£JE(4/h£ < -tti <DX\ ISlgO S AW* 

[00 5 0] S AW*Sf 1 4 W^IM^SifcF £ 

[elS&l 3 B£«B&l--C, Mltiittl3§2 3;5>fctii;>3£;ft,S 
2 ocDff S Q 1 s SQ2©H, ffilccO{f-i§-(c:oi^T 

yf^y^i^ T'^,& P 1 £ fc (4g$t6 P 2 CD v ^-f ft 

[0.0 5 1] Lfc^oT, EC LMSjtitl!^ 1~2 3 
£<£/Bbfc38g|5]?g2 Alcfc^Tt, 
RT$rM?iJS^tfc^>;?[H]SSl 5 5r^ffl1"5 r k (£ J; 

^#<-t-^^i:^T-# > WmffiV c (C^S^I^ 

S, 

[0052] mm t mwmmv c k^-fecDm-fr 

(-(4, NTC-^-$^.^RT(DSfet{BR5r/h$<-t-Sfi 

£*, mt^fcfc#l-steffiei§*©^<ffc£/h$ < t?# 
Sfcifc (HI3#$0 , #fc, *a«.Tf©.a**fl:Sr**B 
{cfiM-rS-ir^-ct, -£Wa&«Sffl-e3gfi^i£$:Fco 

5£J$ALfcwtlc.fco-c\ E C LMS!iittSS£2 l {eg 

[0 0 5 3] rtUcfcoT, ECL«)!)ig*g3£2 1~2 
3 5r^fflLfc^^|H]K2A(c:*J^Tt,v jE^fflgtEH, 
4&fc*5ffi«-<W1M«t0EV c -«JBJBtt*F©fM4S:ek 

^-e#So 

[0 0 5 4] ifc, ±a©*fi@J8 2Afci8l^-C, jEA 

Aix#x'5TtgT*feS. 0Ux.ff, Ell 0tc*i-J;9(-, IE 
7 p rtfC*5lr>T, SAW*I^14Wy;!' 
IhIKi 5 k%AtiWx.Xh i:\>\ roi^, Mffjitffigg 

2 1 o^sfeA^a^D 1 1 is itrgteA^jg^D 1 2 

W{c*teH^D5J:5tc:, ttlco-f ^t°-y^^. z d 

SrifA-rarwsjewcabs. 
[0055] 0) msmmmm 

[0056] mi u4, m3mmwm\c&z>&m®®3 

AOi^^Tt^n y?mX'hZ> 0 fg«|5]2g3 A(4, S ' 

aw*s43 1 t, mwim^3 2-3 4 t. 



10 

£&£ftS„ *rLT, MSb*tfcB§2 3 2 , 3 4, *4 y?-® 
SS3 6, }£ffl|5]J&3 7, SAW#g^-3 1 ftitf* ^ 

[0 0 5.7] ?>?®9£3 814. ®&m*4 0 kJ>V 

*?^xm*4 i kfrhtnz> *smK«^5rs s r t k 

S„ C^X'li, *>-*IeI&3 8»4, SAW*S^3 1(C 

J:5*flMBlg«**»fe««Sk£ o^i-s«*{l^SQ 

io [00 5 8] gtbiglBS 3 2 14, jE»a*«A/-7 p Srje 
*l5*!Mir*SQi8J^V^|HlJS3 8 5r^LT#SteA^ 
K^D 1 1 t^A^SST-D 1 2k\C$i®iSti y Sfc, 

steA^jig^-D i 2 \a± $ b jc^-f r *m&. V B B 
*&$ixSo rtilcJ;*), ^»i#*gS§3 2(4, S-A^ffi^- 

Tt±l^-t-Sii:t(c, Sfctii^i&HPQ 1 2*»feXJMI# 

20 [0 0 5 9] ^iftiitlS 3 4 (4, gftJMIBS 3 2 C0#ffi 
Affi^Ql 1*340Q1 2*»bffi*$iifcflr*dS*Ste 
A^ffi^-D 3 1 tgijteA^iffi^-D 3 2 te-tii«T/0Me£ 
ftsritci'?, ^SteitiM^Qa i^t>SWf#s 
Q&jJfifcw^WcijMiBl, SQ 1 &tti;*rt-S£# 
tc, gtefcb^JiS^Q 3 2*^S!ifS-§-SQSrglfSU'<yw 
tClSffi IfcMt^ot, fitful 8 oa*^5f3#<0 
{f^SQ2 5rm^li-So ^ibti*S^3 314, M 

W)iitl^3 2W#m^4g^-Ql l*5«fcl*Q 1 2d»fea^j 
^ilfcfS^iS^KteAAiSB^D 2 1 tSteA^ffl^-D 2 

2 1 feXipfg-ii- S Q «rgff^ U^/K^iStS Ltz mtlit # 
OUT + 5rm^i-St*ic, gteffi^4S^Q2 2d»e>« 
JWt-8- S Q 5:3f^ W^fcitS Lfcttfffcot, filffi 
* s 1 8 OSM/fSW^ff^OUT-Srm^-fSo **J» 

n«iiitM^3 3*5^0:3 4(4, iE»a^s/u-7 , '*jj;u! 
mXf%<o&W*&MTZitito\c&Vbin,ltb<DX'h'9. 

[0 0 6 0] y<?®'&3 6(4, |g|btM«ll3 4d>b 
IBA $ il5tt«* 1 8 0 SIfft S Q 1 , S Q 

40 2 co 5 *>, ^ffi@SS 3 7 CQi£tB£aS'>fc < T^tHS^S: 
il^t-Sfc*!)C0[5lf|-efcSo 4 •5§¥U<tftBJt-Si:, ^ 

-r 5>?-[5]3g3 6i4, s«i±iti§i3 4co*stem^«^Q 

3 HC&ffiZtlX^Z&m&P 1, 4fc(4^tt)Ji*M^3 

4 COSIiffl^a^Q 3 2 fc»»*iXTV^«tt^P 2 60 

<<"-rtifrkmft.mcm%i-tz>~k\cii^x, mmm^m. 
n<- -7\zm-rmma^ S Q SraS4-f So 

[00 6 1] ^ffilelK 3 7 (4, ^SIeIK 3 AC0fitfS£# 

^mJE V c (CiS A^3 LfctlJ^ft-§-S QOfirffico^ 
so 4$rMSi-S. ±3$Lfc4e>(e, *HiS^jc#S%fi 
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S&3AI4, faftCD&tezmWim^SQ 1, SQ2©9 
*>, »*H» 3 7 <T*tf«**»*-t- 

8§3 7<0|H]K«^5rffi^lc1-5r H5-et5 0 
[0 0 6 2] ^/i, ^Is]8S3 7I4, SAW*I^3 1 
F £ ®&1®S'a<Dmi£\Cfc ZXmWi®ft§L 
<Ob<Ot>m&.ZtlZ>AK SAW#I^3 1^ILtt 

»«*©*3ltt'h$<-*-tro-e, liiiosAW^g 

[0 0 6 3] /its, SAW*g^-3 l<0^i£$ct|e]*gg|5 
fi*Mto*B5£-c*>'5 J: 5**S-te*si^Ttt, #*SIh]S&3 
7*«*L-C, IHMI«Sl3 4JO»fetitfj£;h.<&2o0>« 
tSQl, SQ2©7*>, tt#<0ffl-§-JCOV>TIEffiil^ 

©i§£\ ^ 5/^0883 6 teftx-T, !7-ft#yf-fy 
^fc if -eSBK^i Piifc I4&8S/S P2»v £ Mm 

[0 0 6 4] Sfc> *3Hfe&ffiictf&%&lelIg3Att, 
9^2®% 3 8©ti*^4 0l:3fS©giaS#tt^ 
^r1--5Sa^^ffl-f-5r tlCfcoT, SAW*If 
3 KD«iBffl«*F©jE«Wt<Z)»jESrff5. «T, £ 
© ;? V* ESS 3 8 (DSgftSI^- 4 0 Ko^TRMt S. 

[00 6 5] 012I1, S AW&igiF- 3 1 <£>3gSJ3i£$C 
Fdfiff^tt^^-riilt'fcSo SAW#g^3 1J4, £ 

^@K3 8©ti^4 oro^ft#ft*i:fc5iI,£a£ 
[0066] rfflfcfc, #3dfei>Ji-ei4, *tflt#j*asft 

*lcft5J: il3t§«^4 0©gi«#tt 
Sr^-fi^K, gtt^ 4 0 t LTtt^ SAW*I?3 
1 0fl&8c1H£&& T 0 £ * 5 ~ ft 

1^4 011, BaTi0 3 Sr£j&#£ Lfc^fCii, BaTi0 3 

o**?s»flt4r*-rjaft-c*)<E>*a y-jsa* 1 2 ot 

3rfl!l?)5t;3t, #Jx«4\ BaSn0 3 , CaSn0 3 , BaSn0 3 , BaZr 
0 3 , 'BrTi034if»Cj:!)^tt»fflXSia«T6fc»«bL, * 

sftag#t££#s r i ^^rtgT-fes, 

[0 0 6 7] Ml 414, 91s?\e}&3 8«Sft^T"4 0 
»HCa iHfi/D&l&F (fflftftfiSd f /f 0) t 
cOM^*^-r#ttftiSL 1 i, #ffils]gS3 7£7>#Ji LT 

£3§i§J§]iS&F (^StSclSlld f /f 0) t<OB8{fc£^ 

[0 0 6 8] rOHH^-TJ: «fi»ft«CF^gf£ 



(7) 

12 

ft (f 2 - f 1) £tt*fc$*a#&fcj85*fcSJ*?- 

4 0O8«ftidCatt, jEWSBBfiA'-T'teifiHS* 

>Sc $ ixfcSft*^ c b ftg^kft d c b k. Jt b Tte& 
x^z. tfflPl&. z<omc^^xtt, Sft^ 
teftdCate, ii»ktdCbo^4^roiWTtJ: 

[0 0 6 9] Lfciiot, r<E>36«le]SS3AK;}o^T 
14, * V^|hI!S3 8«giif4 0(D?&&V)Um<lfcmc 
±oTSAW*if3 10«fiMttlfcF<0»{tW£«r«| 

jJxfcSftfg^C b <DSftfittf>a£#t£(£ <t o TMiE-t-5 

<i5ri«5-e^5. rcDj&jH, El is lei, 38g§§3 0 
©»«»jft*F©»]Eltr©JBL«Wtti» ttnE&Ofifttt 
tt£^1-J: 5 £^MI5n?SAW#fi^3 l»i 
fiJWJSRF w £ #"C# 5. 

[0 0 7 0] rixicit), «£|B]tt3Att, &*©:E» 

iaoTSAW^3 1 ©a«4*ttSr.*tjEi-5»&fc 
20 ffliEftdS^+^-Cfco fcffia*5 J; Qtffiaroffl&ttlBlc*3 
I^Tfc, ifi5.Si:S^<5jaiSE»5fe** («*.tf. 10. 0 
x l 0-6) Sr«S$*5r b#*[mkk&. 
[00 7 1] fc*5, l©tiiiF-4 0©ti»tlC»t 
5*JR««[*FoaE<fc*, oifct?, ^S/iiSfcF(D^S 
HS1EJ4, <?V^|HlifS3 8 05-< V^^^^^^T-cDffiCj; 

[0 0 7 2] EA±OBJC*>f>we)*>/j;J:5fc, 
flgtefl*538Sls]g8 3 Al£«fc*U4\ SAW*ST-3 1WJ1 
S8tta«W*fcj£ 9 V* 08 3 8 ro^ft*^ 4 0 £ 

30 ±faLfcas^ttSr*-rs^s*^tci-H{f, saw* 

»¥-3 lwj^i£&a&#te££^a*t5HTffi£fc«IE 

[0073] (4) fd4mmmm 

±3&l,1z4&ttB*Wi&to&1tmmWil A, IB, 2 A N 

14, *»Wte«*««B*l.A~3 A*r*« Ufciiff«t 
Silt, y^-7x-^^-^-;i-5 Oico^T 

40 iftBj-rsc 

[0 0 7 4] 11 614, %-4l/9 — 7 ¥ 3.—)^ 

5 0<DmMm&L*^lT7'u ytmXhZo Z<Dt/t-09 

— 0*4, #J;LI4\ f-'l^^e 

<Dm^^no b<ox~h<9, rr-ei4, 10. 312 

5Gb p sWjtfl^-t, 3. 12 5Gbps«tM§ 

[0 0 7 5] ®m/tt^&SB5 114, P/S (^'yu/u 
/•>^7/H 2^bffl^$tifcS^ft^^jtff 
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5 4Kl£tfr*-«. 

[0 0 7 6] »S|§IK6 0jb-J:t5 6 111, ±lSLfc3gig 
ESgl A~3 A©^1*tl/*>^jfffl^ix, JiffliB&(£j;£> 

^LT^S^fc3. 2 15GGbpsOS/P«ft«S 
5 efc'it/P/S^&gPS 7, 10. 3125GpsO 
P/S3?&^5 2fcJ;tf S/P^&&5 4<0&$(CfflV> 

[0 0 7 7] r«J:5t, )t-f y^-7i-w-/^- 
/U5 0tC, &»fe^l»t£#5fgfi[H]Sg 1 A~3A£^ffl 

[00 7 8] ( 5 ) Xflgftl 

[00 7 9] ±m Lfc#HJS^-ei4 v SggflgflS S AW 

4tfltBK«rttRU. TCSO^TCXO^LT-bJ: 
V\ **J, fifths AW#S^4S>©JE«*»T-4r«j« 

IS58!Jf (L i th i um Tetra Bor 
ate) (BteOffiWflBh&ttffl UT t i V\ 

[0080] ±aufcjB3 3ms»«-ci4. *>'?m&3 

8 ro^*^4 0 t LT, JBftScIRjSJMlT 0 T^fiaS 

[0081] #i/?m&3 8ft\c&&<D<&mm* 

±34 L fc § L TV \fWf J: v v 

[0 0 8 2] 

[*W©&|*] ±54 Lfc J: 5 fc*» »fc =t Saigas! 



(8) 

im i ] *$m<»w, i ^*^«i^#5iiigiHi!Sw*^ 

[12] NTCt- %**<r>wm<tofom&*7&r 

[03] ^^^iHKONTCf— S^^©»ttHR* 

[|§|4] *^*@B©#iSOTtt»FA±Q*^ffl8» 
F lT©a^-e»fi|rffi(NHt4r*-t-«Htfti|ftH-C*>5.- 
[13 5] «fil§l|g(0»J«pfltSV-c-l8fi»ftftF«)H 

[0 6] 36SlsI!Sw|81g^St|^F©ia«#ttSr*i-# 

[0 8] ftl|tJE&1Bt£ffi£8Sle)!g0X^&*-*- 
20 :/n s/^|g|-t?fc5o 

[09] »2HJ6»«lfc«5*fiiaB©flllSSr*-ry 

[Eiio] m2mmmmm?>3zm.®&<Dmmz^ 

[0ii] Jl^aaimicffisaiKHKottjft**-*- 

[012] S AW*S^F-©»igJI]«[»F 
^1-#f4g&$ii0 

[013] * ®&<»®mm : i-<n®m&&®'&*^ 

[014] *^*|§IJ5©S**?©S*fc*S«as:* 

[015] %mm®.WF<offiiEm<nm.&m&bffiiEqk 

■ [016] 3t-< y^-7x-^^-^ a -A'W«Si^ 

[017] V C S O©[H]fg0T*$>£„ 

40 [018] fie*«)VCSO«)«fifeSr*r^oy^B|-C 

[019] «*OVC SOO«5lfl«»FOl«1«t 
Sr^i-#ttfti»0-efe5. 

[02 0] VCSO©ffl»«ffiVc-»fifliS|fcF© 
[02 1] a*OVCSOO«fiJBS[*Fi:««*Sg 
[02 2] ?£5l5WTCSO(D^$r^-r[HlK0T-fe 

so [023] s Aw#«^©3Sfi«««©»«*H4«:iF 
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[@24] ®&m : f-<o®&iB.m&&Z7ji-rft&&mm 
[025] ffim®<D s Aw*s^©^igii«igc(o?as 
[##roift9n 

1 A, IB. 2 A, 3 A---3)5fi|5]Sg, 11, 12, •• 

-l«i|SS, 13 A, 13B ^ffililSS, 14, 3 1- 

-SAW*I^ 15, 3 8 2 1, 2 

2, 2 3 ECLMKHStBSi, 3 2, 3 3, 3 4 

[mil 



(9) 

16 

mmm&&. 24, 3 6 ^s^isisg, cd, 40 

Sif^Ld, 4 1 -fy^^^^f, RT 

NTct-?^^, vbb mm^T^ns., 

5 0 %■< ^- 5 1 «^ 

/#MSB, 5 2 P/S^&SB, 5 3 %/%%. 

W&U. 5 4 S/P^&SB, 5 5 tyh«f« 

5 6 S/P£&g», 5 7 P/.SK»». 

6 0, 6 1 381g[E]?g, 100 iSgffi^SSAW 

(TCSO) . 



[112] 
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4] 



imi 5] 



i 




8 « 




b.125Gbps) 



3.125Gbp9 


56 


S/P 














t 




osc 





55 



a 1 6] 

50 



16X 

644.5Mb 



10.3Gbps 



S/P 



52 



54 



51 



OSC 



T 

53 



10.3125Gbps\ 



17] 



II 8] 



VCSO Vcc 

^ A 



Rv 



saw R1 : 

<=>\ LV2 
rv->rv_ 



Tr 



1 



R2: 



I Ho 



=!=C2 §R3 
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(14) 




— 5J079 AA06 BA02 CB02 DA13 DA21 

FA14 FA21 FA24 FA26 FB01 
FB02 FB03 FB12 FB15 FB47 
FB48 GA09 
5J081 AA02 CC17 DD09 EE02 EE03 
EE13 EE19 FF23 KK02 KK09 
KK14 KK22 LL01 MM01 



